A nocardioform strain IFM 11456 T was isolated from the aqueous humor from a patient with endophthalmitis and was characterized to its taxonomic position. IFM 11456 T contained arabinose, galactose and meso-diaminopimelic acid in whole-cell hydrolysates and mycolic acids that co-migrated with those from the type strain of Nocardia asteroides. The acyl type of muramic acid was N-glycolyl. The diagnostic polar lipids were phosphatidylethanolamine, diphosphatidylglycerol and two unidentified glycolipids and the predominant menaquinone was MK-8(H 4 , !-cycl.). These characteristics are typical of members of the genus Nocardia. Results of phylogenetic analyses based on 16S rRNA gene sequences indicated that the isolate represented a novel species of the genus Nocardia and was most closely related to the type strains of Nocardia mikamii JCM 15508 T (98.1 %) and Nocardia aobensis IFM 0372 T (98.1 %). However, analysis of partial gyrB sequences showed that strain IFM 11456 T had 90.2 % similarity to Nocardia concava IFM 0354 T and 90 % to Nocardia niigatensis IFM 0330 T . The DNA-DNA relatedness values for strain IFM 11456 T compared with N. mikamii JCM 15508 T , N. aobensis IFM 0372 T and N. concava IFM 0354 T ranged from 24.4 to 39.9 %. Phenotypic characteristics that differentiated IFM 11456 T from phylogenetically related species were growth at 45 C, utilization of citrate and growth with inositol as a sole carbon source. On the basis of this polyphasic study, the isolate represents a novel species within the genus Nocardia, for which the name Nocardia shinanonensis sp. nov. is proposed. The type strain is IFM 11456 T (=NBRC 109590 T =TBRC 5149 T ).
A nocardioform strain IFM 11456 T was isolated from the aqueous humor from a patient with endophthalmitis and was characterized to its taxonomic position. IFM 11456 T contained arabinose, galactose and meso-diaminopimelic acid in whole-cell hydrolysates and mycolic acids that co-migrated with those from the type strain of Nocardia asteroides. The acyl type of muramic acid was N-glycolyl. The diagnostic polar lipids were phosphatidylethanolamine, diphosphatidylglycerol and two unidentified glycolipids and the predominant menaquinone was . These characteristics are typical of members of the genus Nocardia. Results of phylogenetic analyses based on 16S rRNA gene sequences indicated that the isolate represented a novel species of the genus Nocardia and was most closely related to the type strains of Nocardia mikamii JCM 15508 T (98.1 %) and Nocardia aobensis IFM 0372 T (98.1 %). However, analysis of partial gyrB sequences showed that strain IFM 11456 T had 90.2 % similarity to Nocardia concava IFM 0354 T and 90 % to Nocardia niigatensis IFM 0330 T . The DNA-DNA relatedness values for strain IFM 11456 T compared with N. mikamii JCM 15508 T , N. aobensis IFM 0372 T and N. concava IFM 0354 T ranged from 24.4 to 39.9 %. Phenotypic characteristics that differentiated IFM 11456 T from phylogenetically related species were growth at 45 C, utilization of citrate and growth with inositol as a sole carbon source. On the basis of this polyphasic study, the isolate represents a novel species within the genus Nocardia, for which the name Nocardia shinanonensis sp. nov. is proposed. The type strain is IFM 11456 T (=NBRC 109590 T =TBRC 5149 T ).
The genus Nocardia (Trevisan, 1889) belongs to the suborder Corynebacterineae (Stackebrandt et al., 1997) , and species of the genus Nocardia are increasingly recognized as being the cause of suppurative and granulomatous opportunistic infections, especially in immunocompromised patients (McNeil & Brown, 1994) .
Species of the genus
Nocardia are now classified using a range of genotypic and phenotypic data, and combinations of such characteristics have been used to describe many novel species (Maldonado et al., 2000; Jannat-Khah et al., 2010) . At the time of writing, the genus encompasses 90 species with validly published names. The aim of the present study was to determine the taxonomic position of a novel isolate IFM 11456 T by using a polyphasic approach.
IFM 11456 T was isolated from a aqueous humor cultured on 5 % sheep blood agar incubated at 37 C for 3 days. The organism was aerobic, Gram-stain-positive and weakly acid-fast according to modified Kiyoun staining (Berd, 1973) .
For extraction and sequencing of DNA, the strain was cultured on Muller-Hinton II (MHII; Difco) agar slants at 37 C for 1 week. Analyses of 16S rRNA and gyrB gene sequences were performed as reported by Kageyama et al. (2004a, b) and Shen et al. (2006) .
The nearly complete 16S rRNA gene sequence was determined for IFM 11456 T (1474 bp). BLAST software (http:// blast.ncbi.nlm.nih.gov/Blast.cgi) was used to identify related sequences in GenBank. Nucleotide substitution rates (K nuc values) were calculated (Kimura, 1980) , and phylogenetic trees were reconstructed using the neighbour-joining method (Saitou & Nei, 1987) . The topology of the trees was evaluated by a bootstrap analysis using CLUSTAL W ( Thompson et al., 1994) . Sequence similarity values were calculated manually.
In 16S rRNA gene sequence analysis, a database search demonstrated that the strain represented a member of the genus Nocardia within the suborder Corynebacterineae. Highest sequence similarities were found with Nocardia mikamii NBRC 108933 T (98.1 %), Nocardia aobensis IFM 0372 T (98.1 %), Nocardia africana IFM 10147 T (97.9 %) and Nocardia veterana DSM 44445 T (97.8 %). A tree reconstructed using the neighbour-joining method depicting the phylogenetic position of the strains within a subset of members of the genus Nocardia is shown in Figs. 1 and S1 (available in the online Supplementary Material). The gyrB gene sequence for strain IFM 11456 T (1238 bp) was determined and analysed. The closest phylogenetic neighbours were (Kageyama et al., 2004c) and N. concava IFM 0354 T (Kageyama et al., 2005) were used for further phenotypic comparisons and DNA-DNA hybridization test as reference strains.
Analysis of the isomer of diaminopimelic acid was performed using hydrolysates of whole bacterial cells by TLC (Staneck & Roberts, 1974) . The whole-cell sugar pattern was analyzed as described elsewhere (Lechevalier & Lechevalier, 1970; Miyadoh, 2001) . Mycolic acids were analyzed by TLC (Minnikin et al., 1980) . The acyl type of muramic acid and polar lipids were determined using the methods of Uchida et al. (1999) and Hamada et al. (2015) , respectively. Isoprenoid quinones were analyzed by LCMS (model LCMS-8030; Shimadzu) according to the method described by Hamada et al. (2012) . Nocardia asteroides NBRC 15531 T was used as the reference strain for isoprenoid quinone analysis. The preparation and analysis of cellular fatty acid methyl esters were performed using the protocol of the MIDI Sherlock Microbial Identification System (Sasser, 1990 ) and GC (model 6890N; Agilent Technologies) with Sherlock MIDI software (version 4.0) and a TSBA database (version 4.0).
Whole-cell hydrolysates of IFM 11456 T contained arabinose, galactose and meso-diaminopimelic acid (wall chemotype IV sensu; Lechevalier & Lechevalier, 1970) and mycolic acids that co-migrated with those from the type strain of N. asteroides NBRC 15531 T . The acyl type of muramic acid was N-glycolyl. The major polar lipids were found to be phosphatidylethanolamine, diphosphatidylglycerol, two unidentified glycolipids, an unidentified phospholipid and an unidentified lipid, along with minor or trace amounts of phosphatidylglycerol, phosphatidylinositol, two phosphatidylinositol mannnosides and an unidentified lipid (Fig. S3 ). The predominant menaquinone was identified as MK-8 (H 4 , !-cycl.), with MK-8(H 2 ) present as a minor component (95 : 5). The fatty acid pattern of the novel strain is presented in Table S1 . These chemotaxonomic features are consistent with those of members of the genus Nocardia (Goodfellow & Maldonado, 2012) .
Physiological and biochemical characteristics were examined as reported by Kageyama et al. (2004a, b) . Decomposition of adenine, casein, hypoxanthine, tyrosine, urea and xanthine was examined by using the methods of Gordon et al. (1974) . Acid production from carbohydrates, utilization of organic acids and growth temperature range were determined by using the modified methods of Poonwan et al. (1995) . The results of physiological and biochemical characterizations are summarized in the species description. The phenotypic properties of strain IFM 11456 T were clearly distinguished from those of N. aobensis, N. mikamii and N. concava based on growth at 45 C, utilization of citrate and growth with inositol and mannose as sole carbon sources (Table 1) .
Biomass for DNA G+C content analysis and DNA-DNA hybridization was obtained by cultivating the strains in liquid ISP-2 medium for 48 h at 28 C. Chromosomal DNA was isolated as described by Saito & Miura (1983) , with modifications. The DNA G+C content was estimated by HPLC (Tamaoka & Komagata, 1984 Fig. 1. Bar, 0 .01 substitutions per nucleotide position. The original version of this tree is shown in Fig. S2 . Table 1 . Phenotypic properties that serve to distinguish strain IFM 11456 T from the type strains of related species of the genus Nocardia Strains: 1, IFM 11456 T ; 2, N. mikamii JCM 15508 T ; 3, N. aobensis IFM 0372 T ; 4, N. concava IFM 0354 T (all data from this study). All strains did not assimilate or produce acid from maltose or i-erythritol. All strains grew at 37 C. +, Positive; À, negative, ±, slight growth.
Characteristic 1 2 3 4
Decomposition of: Adenine À À À + Tyrosine À À À + Hypoxanthine À À À + Xanthine À À À + Utilization of: Citrate + À À + Growth with sole carbon sources: L-Arabinose À À À + D-Galactose À ± À ± D-Inositol + À À + D-Mannitol À À À À D-Mannose À À À ± L-Rhamnose À À À À Growth at 45 C + À À À major polar lipids are phosphatidylethanolamine, diphosphatidylglycerol, two unidentified glycolipids, an unidentified phospholipid and an unidentified lipid, along with minor or trace amounts of phosphatidylglycerol, phosphatidylinositol, two phosphatidylinositol mannnosides and an unidentified lipid. The major cellular fatty acid components are hexadecanoic (C 16 : 0 ), monosaturated hexadecanoic (C 16 : 1 !7c), monosaturated octadecanoic (C 18 : 1 !9c) and tuberculostearic acid (TSA18).
The type strain, IFM 11456 T (=NBRC109590 T =TBRC 5194 T ), was isolated from the aqueous humor of a patient with endophthalmitis in Matsumoto, Nagano, Japan, in 2012. The DNA G+C content of the type strain is 69.5 mol%.
